Pinned Spin Dependent Tunneling (SDT) devices have been fabricated into high sensitivity magnetic field sensors with many favorable properties including high sensitivity (~ 10 µOe / Hz @ 1 Hz and ~ 100 nOe / Hz @ > 10 kHz), a linear bipolar output vs. applied field, high processing yields, and high temperature stability and operability (over 200 0 C). However, the performance of fabricated sensors has not yet approached the theoretical limit one calculates assuming ideal behavior of the sensors' ferromagnetic layers' magnetizations.
I. INTRODUCTION
Following demonstrations of significant room temperature magnetoresistance 1,2 and compatibility with standard integrated circuit lithographic processes 3 , Spin Dependent Tunneling (SDT) materials have rapidly been developed for a wide variety of solid state magnetic devices. These applications appear feasible in virtually every application presently using anisotropic magnetoresistance (AMR) and Giant Magnetoresistance (GMR) including sensors 4 , MRAM 5, 6 , and hard disk read heads. Their most obvious advantages are higher magnetoresistance at lower saturation fields (>25% in less than 10 Oe), and their relative insensitivity to magnetic film shape and layer thicknesses. And demonstrated bandwidth (1/RC > 1GHz) and temperature stability (> 250 o C) 7 appear to be sufficient for all foreseeable applications. This paper focuses on the aspects of SDT devices as they relate to low frequency magnetic field sensing applications, and special shape and size issues of the junctions themselves.
II. SENSOR CONSTRUCTION

A. Material
The initial deposition of SDT material takes place in a Perkin Elmer 2400 with a background pressure of less than 1.5x10 -7 Torr. Layers of NiFeCo 
B. Patterning
Once the SDT material is deposited, it is patterned into a sensor using 
B. Voltage vs. magnetic field
The voltage vs. field behavior of the SDT bridge sensors depends strongly on the amount of current driven through the integrated orthogonal biasing straps.
The orthogonal biasing field is directly proportional to this current. Fig. 3 ). Unfortunately, this reduction in hysteresis comes with a loss of sensitivity. The ideal is to retain the steep slope of the nobias condition while getting rid of the hysteresis. 
A drawing of the coordinate axes in Fig. 4 shows how θ is defined. If H bias is just over the anisotropy field H k by a field δH k , and substituting H s = H sense / H k , and using small angle approximations for trigonometric functions of δ and θ,
In the orthogonally biased mode, the effective resistance varies with θ as:
MMM 2215, AA-06 The coordinate axes at the bottom describe the biased operating mode, with the dashed lines being the sense and perpendicular bias axes while the solid vector is the soft layers magnetization, rotating an angle θ from the ⊥ axis under the influence of a field along the sense axis.
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problems because they create a non-uniform magnetic environment in the soft sensing film. Consequently, when one region of the soft layer is biased precisely for high sensitivity, another region may be over biased (no hysteresis but low sensitivity) while yet another region will be under biased (excess hysteresis and unstable operation). The magnitude of these nonuniformities can easily be 10
Oe.
C. Design Improvements
Several improvements upon the existing design will result in better The focus of this paper has been on the effects of magnetic design and structure on the sensor response to external fields. It should be noted that improvements in the intrinsic noise of the sensor will also go directly towards improving the sensor's signal to noise ratio. Several groups have noted that the noise in SDT devices appears to be related primarily to intrinsic tunneling noise rather than magnetic fluctuation noise 8, 9 . Consequently, there is good reason to expect that better signal to noise ratios will be demonstrated due to continued improvements in tunnel junction quality as well as these advances in the magnetic design of SDT sensors.
V. CONCLUSIONS
While SDT sensors have rapidly been proven to be appropriate for ultralow field sensing, significant work remains before they will have reached their 
